26 The genetic variability of Infectious bronchitis virus (IBV) is one of the main challenges for its 27 control, hindering not only the development of effective vaccination strategies but also its 28 classification and, consequently, epidemiology understanding. The 624/I and Q1 genotypes, now 29 recognized to be part of the GI-16 lineage, represent an excellent example of the practical 30 consequences of IBV molecular epidemiology limited knowledge. In fact, being their common 31 origin unrecognized for a long time, independent epidemiological pictures were drawn for the two 32 genotypes. To fix this misinterpretation, the present study reconstructs the history, population 33 dynamics and spreading patterns of GI-16 lineage as a whole using a phylodynamic approach. A 34 collection of worldwide available hypervariable region 1 and 2 (HVR12) and 3 (HVR3) sequences 35 of the S1 protein was analysed together with 258 HVR3 sequences obtained from samples collected 36 in Italy (the country where this genotype was initially identified) since 1963. The results 37 demonstrate that after its emergence at the beginning of the XX century, GI-16 was able to persist 38 until present days in Italy. Approximately in the late 1980s, it migrated to Asia, which became the 39 main nucleus for further spreading to Middle East, Europe and especially South America, likely 40 through multiple introduction events. A remarkable among-country diffusion was also demonstrated 41 in Asia and South America. Interestingly, although most of the recent Italian GI-16 strains 42 originated from ancestral viruses detected in the same country, a couple were closely related to 43 Chinese ones, supporting a backward viral flow from China to Italy.
International database preparation
114 To download all available IBV sequences overlapping with the region of interest (HVR3), one of 115 the Italian sequences was used as query in BLAST and all sequences with a genetic distance lower 116 than 30% were downloaded. Obtained sequences plus the Italian ones were merged with the 117 reference set provided by Valastro et al., [6] and aligned using MAFFT [24] . Partial sequences (i.e. 118 covering only part of the HVR3) and those with unknown nucleotides, frameshift mutations and 119 premature stop codons, suggestive of poor sequence quality, were removed from the dataset. 120 A phylogenetic tree was then reconstructed using PhyML [25] selecting as the most appropriate 121 substitution model the one with the lowest Akaike Information Criterion (AIC) calculated using 122 Jmodeltest [26] . The phylogenetic tree was used to classify the strains and those 123 potentially belonging to the GI-16 lineage were extracted. The presence of 124 recombinant strains was evaluated using RDP4 [27] on a dataset including the selected GI-16 like 125 strains plus the reference ones. The RDP4 settings for each method were adjusted accounting for the 126 dataset features according to the RDP manual recommendations. Only recombination events 127 detected by more than 2 methods with a significance value lower than 10 −5 (p-value < 10 −5 ) and 
Hypervariable region 1-2 (HVR12)
173 Unfortunately, no strict guidelines currently exist on IBV sequencing protocols. Consequently, 174 despite the HVR3 of the S1 gene is the most commonly sequenced region, different research groups 175 have produced and published sequences obtained from other Spike protein portions. To benefit from 176 these sequences, some representative of additional countries, a second dataset based on the HVR1 177 and 2 (HVR12) was created and analyzed using the same approach previously described. However, 178 because of the limited sequence number and more balanced origin, a unique analysis was 179 performed, avoiding the multiple dataset generation step. 186 sequences 310 sequences collected from 8 countries (S1 Table) . TempEst analysis demonstrated the 187 presence of a significant temporal structure, being the correlation between genetic distances and 188 sampling dates equal to 0.54 (R 2 = 0.29; slope 7.77x10 -4 ).
189 The final HVR12 dataset included sequences 76 sequences collected from 12 countries (S1 Table) .
190 TempEst analysis demonstrated the presence of a significant temporal structure, being the 191 correlation between genetic distances and sampling dates equal to 0.52 (R 2 = 0.27; slope 2.70x10 -4 ).
193

Phylodynamic analysis HVR3
194 tMRCA of GI-16 genotype, averaged over all runs, was estimated in 1905.23
195
(1860.76-1934.36 95HPD), and the results were proven highly consistent among the different 196 tested datasets ( Figure 1 ). Similarly, repeatable results were obtained for the substitution rate 197 analysis ( Figure 1 ), which was estimated to be 1.89x10 -3 (1.42x10 -3 -2.45x10 -3 ). 204 205 The analysis of population dynamics revealed two main patterns: while the population size 206 remained substantially stable between tMRCA and the 60s, a more fluctuating trend was observed 207 thereafter ( Figure 2 ). In the latter phase, two main peaks in the mean Ne•t value were consistently 208 predicted around ~1985 and ~2005-2008. An additional minor rise was detected after 2010.
209 Nevertheless, the variation in the population size slightly differed among runs and, more generally, 210 the 95HPD intervals were generally broad over the whole considered period. 254 Differently from HVR3, GI-16 origin was predicted in Slovenia. However, a high uncertainness 255 featured this prediction, being Italy the potential root country. A migration from Europe to Asia was 256 predicted in the '90s, potentially through independent introduction in China and Russia. Thereafter 307 From the '90s onward this genotype followed a double fate. In fact, GI-16 was able to spread to 308 China, which represented the main nucleus for a further diffusion. The introduction to South 387 three protein positions (i.e. 47, 52 and 99 of the considered region). Interestingly, amino-acid in 388 position 47 of South American strain was identical to the one featuring the ancient, and clinically 389 relevant, Italian strains (S3 Fig) [42] . Even if suggestive, more detailed studied based on a reverse 390 genetic approach will be useful to elucidate the actual influence of these residues on GI-16 391 virulence.
393 Conclusions
394 Overall, the present study reconstructs the history and spreading dynamics of the GI-16 lineage 395 from its origin to nowadays, demonstrating the complex network leading to its dispersal in Europe, 396 Asia and South America. Above all, the ancient history of a previously considered "emerging" 397 genotype is described and testifies the misconceptions that originate from the lack of a unified 398 nomenclature and poor molecular epidemiology data generation and sharing. This shortcoming 399 appears particularly relevant since the described scenario could likely be shared by many other IBV 400 genotypes and pathogens in general. 
